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[57] ABSTRACT 

A least weight route computation algorithm for use in 
computing routes through a data communications net- 
work is improved by recording the mimfter nf ^ nally 
weighted paths to. a particular node through different 
predecessor nodes. If a route must be selected to the 
'-particular node, the relative numbers of equally 
weighted routes through different predecessor nodes 
determines the probability with which a route will be 
selected through the particular predecessor node. 
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characteristics alone, a high-delay transmission group 

„££E£ 0D 0F SELECTING 1£ASI WHGHT would have a greater assigned weight than a low-delay 

ROUTES IN A COMMUNICATIONS NETWORK transmission group. 

ctct t-n ™? ttt^ tkt< ^t^t^t In determining a "best" route through a network 

FIELD OF THE INVENTION 5 from a first user at one node to a second user at another 

The present invention relates to data communications node, the weights of nodes and transmission groups in 

networks and more particularly to a method for select- various potential routes are summed. The route having 

i ng path s from equally-weighte d least weight paths the lowest total weight, which is understandably re- 

trying computation of routes thro ugh such network s. ferred to as the least-weight route, is considered to be 

For purposes of the following descriptions, a commu- 10 the "best" route between the users, 
nications network can be generally defined as a collec- Given an origin node, a destination node, and a speci- 
fic* of network nodes and end nodes interconnected fled class of service, a conventional least weight route 
through communications links. A network node can be computation algorithm always computes a single least 
characterized as a data processing system that provides we ight path from the origin node to the destination 
wrtam functions withm the network, such as roufang of " node . u ±e network topology is stable (that • ^ 

lt *f 7* ** °L n ^ hb °^ '^eristics of the network nodes and intermediate 

nodes, selection of routes for messages to be transmitted *™™*« • ~ , . . 

between two nodes and the furnishing of directory "T* toansmi ^ lon W do «* ^ange), the same 
services to connected end nodes. The link betweel 13 ? 0mpU ^ ed 0V ^ md ° ve f W 

nodes may be permanent communications links such as 20 node destination node and class of service. If there 
conventional cable connections or links that are enabled * OTsX l one ^ weight Datn between 

only when needed, such as dial-up telephone connec- P"?* nodQ ^ d destination node, the fact that path 
tions. End nodes are exemplified by devices such as ^ always selected by the route computation algorithm is 
display tenninals, intelligent workstations, printers and cle ** ly not a problem. 

the like which do not provide routing or route selection 25 j ^affi3eej^. thftrf} m a y ™"^ple p aths of the same 
or directory services to other nodes in the network. least weignf between an origin no de and a destination 
Collectively, the network nodes, the end nodes and the n ode for a given class of service. If ties between mufi>~ 
links between the nodes are referred to as network P le P atflS are always broken in the same way during 
resources. The physical configuration and characteris- computation of a route, the algorithm will always select 
tics of the various nodes and links in a network are said 30 the same path for every route request. Thus, one of the 
to be the topology of the network. multiple, equally-weighted paths may potentially be 

For a user at one node to exchange data with another overloaded to the exclusion of other least weight paths, 
user at another node, a path or route must be set up As a result, the other paths will not be fully utilized for 
through the network. The route will include the node at no justifiable reason. 

which the first user is located (the origin node), the 35 One way to force more even utilization of network 
node at which the second user is located (the destination paths is to detect congestion on a given path and include 
node), possibly one or more network nodes and the congestion information in the node and transmission 
links or transmission groups which connect the nodes group characteristics stored in the topology databases, 
on the route. A transmission group is normally defined The disadvantage of this approach is that the congestion 
asasetofr^ellmtewiths 40 information is necessarily after the fact information 

form a single logical link that has a higher capacity than based on ^ fact undesirable congestion has already 
each of the individual links in the group. For purposes occurred, 
of the following discussion, it should be assumed that 

the term transmission group can also contemplate a DISCLOSURE OF THE INVENTION 

single physical link. The terms are used interchangeably 45 m. * ■ j , , „ 

in Se following description. ^ P resent , mV f ntl0n ?. " m P roved method for 

In an ideal neK provided by a first user is m ™ ^selecting different routes from a set of 

transmitted to a second user at no cost, with zero de- ^tf^*" ^ ^J™ 8 ro ^ m P" n ' 
lays, with perfect reliability and with complete security ™ e "f"* ^P™** *f ste P s of beginning a route 
regardless of how many nodes and transmission groups 50 ^patotxm ttic with a selected root node. A set of 
might be included in the route between the two users. networ f node - transmission group pairs connecting 
Unfortunately, real data communications networks lack network nodes not yet in the tree to a node in the tree 
these ideal characteristics. Varying amounts of delays I s establi s hed - The weights of paths from the root node 
may be introduced over different routes. Some types of m the tree to each node in the set is calculated. The 
trarismission groups may cost more to use or introduce 55 aode ^ Ieast wei S ht path from the root node is 
more delay than others. The integrity of transmitted t0 ^ **** m the following manner. If there is 

data may be protected better on some transmission only one path from the root node to the given node with 
groups than others. Other "imperfections" not even a least weight, that path is selected. If multiple paths t o 
discussed above exist in a real network. from the root node tp th<» given node have eq^ 

Because nodes and transmission groups in a real net- 60 weights, one of those multiple paths is selected in , £ 
work possess different characteristics, it is a common guasi-ran fom operation. The selected node and trans^ 
practice to assign weights to both nodes and trans mis- mission group connecting it to the tree are transferred 
sion groups and to use the assigned weights in comput- to the tree. Other netwo rk node-transmission group 
ing optimal or least weight routes through the network pairs in the set tor the transterred nOflg are removed 
from one user to another. The weight generally reflects 65 from the set The steps outlined Ahnw, with th**™^. 
how closely a given node or transmission group meets a tion of the initial step of starting the tree with a selected 
predetermined standard of performance. For example, root node, are repeated until all nodes in the network 
if weights were to be assigned on the basis of delay have been transferred to the tree. 
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DISCLOSURE OF THE DRAWINGS we , igh ' path " the paths identified » operation 12. With 

only the root node in Set S, there cannot be more than 

While the specification concludes with claims partic- one path. If operation 14 had shown more than one 

ularly pointing out and distinctly claiming that which is equal weight path, one of those paths is selected in a 

regarded as the present invention, details of a preferred 5 quasi-random manner in an operation 16. The node in 

embodiment of the invention may be more readily as- Set s havin the least wei ^ t & from ^ root node is 

certained from the foUowmg techmcal description transferred t0 tne tree in an operation 18. All other 

w^^h^rem 011 ^ accompanying emries m Set s which „ re f e renced to the transferred 

FIG. 1 is a flow chart of the improved route compu- 10 no £ are removed from Set » m 20 ' „ n . 

tation algorithm; K The significance of operation 12, 14, 16, 18 and 20 is 

FIG. 2 is a node map of a six-node network which at th « start of route computation since only the 

will be used to illustrate the computation of least weight root node exists m Set S ^ onl y the root node can 
routes* transferred to the tree. These operations are discussed 

FIG. 3 is a weight table showing the weights assigned 15 below ' m greater detail with reference to later steps in 
to the various nodes and transmission groups of the route computation. 

network shown in FIG. 2; In an operation 22 T all nodes in the network directl y 

FIGS. 4 through 8 show the various stages of a tree connected to tree nodes are identified. On a first pass, 
constructed through the application of a least weight this of course includes only nodes connected to the root 
algorithm to the network defined by FIGS. 2 and 3; 20 node. The nodes identified in operation 22 are added to 

FIG. 9 is a node map showing a different network Set S unless the identified nodes are already in the tree 
that will be used to illustrate the allocation of routes as the result of earlier route computations. In a first 
among sets of equally-weighted routes; and pass, every node connected to the root node is added to 

FIG. 10 is a weight table which is used in conjunction Set S. A check 26 is made to see whether any nodes 
with FIG. 9. 25 remain in Set S. A negative response at check 26 should 

TECHNICAL DESCRIPTION occur only at the conclusion of route computations. 

« . „ . . , . . Assuming that one or more nodes exist in Set S, a 

FIG. 1 « a flow chart of a least weight rou e compu- second at route computation occurs beginning at 
tation method The description of the method uses ^ n ff mofC ^ ^ . co ^ d to the 

terms defined below. . 30 . , .„ . . A , . , 

A least weight tree is a map of least weight routes X00 } ^**?T* U ]^ te ° f 

from a starting or root node to every other node in a paths t0 ^ °. f ^5 n ° d <*' ° n ^ second and later 
network. Any two nodes in a tree are connected by a °P eratl ons 14and 16 may or may not be a factor 

single path. When computing least weight routes, the m seIectin g a route - Thls ^ be explained in detail later, 
tree is built a node at a time starting with the root node 35 In Qpexati o n IBj the node having tho least weight path is , 
until every node is in the tree. A tree normally includes transferred tn the tree. If different nodes are connected 
several branches from the root node to different nodes 4 o thp rnnt nnrfr thronph pith? wi*" the same wpjght, 
in the network. one of those nodes is arbitrarily selected and transferr ed 

A node Set S is a list of nodes which are connected to the tree, 
directly to nodes already in the tree. Node Set S does 40 In later stages of route computation, multiple paths to 
not include nodes which are themselves in the tree. the same node in Set S may be computed. If the node 
Each node entry in Set S has an associated temporary has the least weight path at any given stage and is trans- 
predecessor node, a temporary predecessor transmis- ferred to the tree, the other paths to the same node are 
sion group and a temporary weight. These terms are removed from Set S in the operation 20. 
defined below. 45 Each time a node in Set S is transferred to the tree, all 

A temporary predecessor node (T PN) is the tree no des connected to the transferred node are identified 
ngae directly con n ected to the Set S no d e under consid; and added to Set S, unless they are already in the tree. 
£*apPJL_ As a result, the route tree is built up one branch or node 

A temporary predecessor transmission group connection at a time until every node in the network is 
CTPTG) is the transmission group which connects the 50 on ^ ^ ^ ^ occurred( the check 

Set S node to its tempor^predecessor node. 26 ^ show Set g tQ ^ • ^at . ^ ^ 

A temporary weight (TW) is a weight value consist- been completed 

ing of the sum of the weights of the tree through the t~ «i*u«j a :u j u . JM 

t * nnMrv nroA^^c^r *\** t*™™~™ ^L.c ^ m ethod described above may be more readily 

The description of the method shown in FIG. 1 will 13 a network includmg six nodes A, B, C, D, E 

be followed by an example of an application of that F " t 55°£!f* 1 . by Uans ™> n groups TGI 

method to an arbitrarily defined network shown in through TG8. FIG. 3 is a table of weights arbitrarily 

FIG. 2. The example may make it easier to understand assigned to the nodes and the transmission groups. It 
the method. 60 snould be noted that no equal weight paths to given 

At the beginning of route computation, both the tree. nodes will exist so that operations 14 and 16 will not 

and Set S are empty. The root node is chosen and added come into play in the route computation to be described 

(operation 10) to Set S. Operation 12 computes the with reference to FIGS. 2 through 8. The role of the 

weight of possible paths from the root node through the operations 14 and 16 will be described with reference to 
tree to the node in Set S. At the start of route computa- 65 later figures. 

tion, there are no such paths. The weight computed is Reference should be made to the following table as 

the weight assigned to the root node itself. A check 14 well as the figures .to understand what is happening at 

is then made to see if there is more than one equal various stages of the route computation. 
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In step 0, the root node or node A is added to the Set 
S in a first pass. Since there are no predecessor nodes or 
transmission groups for the root node, the root node is 25 
automatically transferred to the tree with the path 
weight being the weight assigned to the root node. 

In step 1, the nodes connected to node A (nodes B, C 
and D) are added to Set S and the weight of the paths 
to each of these nodes is calculated. As can be seen in 30 
the table, node B has the least weight path to node A. 
As a consequence, node B is transferred to the tree, 
which then consists of the single branch shown in FIG. 

4. The entries for nodes C and D remain in Set S. 

In step 2, nodes connected to node B are identified 35 
(nodes A and F). Since node A is already in the tree, 
only node F is added to Set S. The weight of the path to 
node F via node B is calculated and compared to the 
weights of paths already defined in Set S. Since the 
A-D node path has the least weight value, node D is 40 
transferred to the tree, which takes the form shown in 
FIG. 5. 

In step 3, nodes connected to transferred node D 
(nodes A, C and E) are identified. Since node A is al- 
ready in that tree, only nodes C and E are added to Set 45 

5. The weights of two different paths to node C are 
computed. Since the path to node C via node A has the 
least weight of any of the paths in Set S, node C is 
transferred to the tree as shown in FIG. 6. The other Set 

S entry referencing node C (C via D) is removed from 50 
Set S. 

In step 4, an additional route to node F, via node C is 
added to Set S. The least weight route in the remaining 
Set S entries (node F via node B) is transferred to the 
tree, shown in FIG. 7. The other Set S entry referenc- 55 
ing node F (node F via node C) is deleted. 

In step 5, an additional route to node E, via node F, 
is added to Set S. The least weight route in Set S (node 
E via node D) is transferred to the tree and the remain- 
ing entry (which references node E) is deleted from Set 60 
S. The method terminates once Set S is empty. Tj ie 
complete least weight tree is show n in FIG . 8. 

There were no equally weighted paths leading to a 
node in the description above. In a typical data commu- 
nications network, several equally weighted paths may 65 
lead to a particular node. To more uniformly distribute 
selected routes over equally weighted paths, the present 
invention adds a variable to the least weight route com- 



putation method. The added variable is equal to the 
number of equally weighted paths in a network leading 
to a particular node, Tf g- mnre of equally 
weighted paths lead to a particular node through differ- 
' ent predecessor nodes , tV» variflh ^ frtr + h <> r rpH Tffif cr>r 
" nooes are use d to determine the probability with which 
apath in one of the sets is selected. Tfrs j s illustrated 
with reference to FIGS. 0 and in 
"~FIG. 9 illustrates a six node network (nodes A 
through F) with interconnecting, weighted transmis- 
sion groups. For purposes of illustration, it is assumed 
that zero weights are associated with the nodes. FIG. 10 
is a portion of a route computation table showing the 
weights assigned to different paths from a root node (A) 
to a given node F. Inspection of the table and of the 
network map shows there are four equally weighted 
routes between node A and node F. Three of those 
routes are on paths including predecessor node E and 
one is on a path through predecessor node C. It will also 
be noted t hat t he route computat i on table Inclttaera 

'* T^fll YliTlHffl t* O'J associated with the set of routes 

through predecessor nnrip F, a numerical variable 
(1^ associated with the path through predecessor node 



If a route to node F must be selected at a particular 
stage of the route computation process, the stored vari- 
ables are used to establish the probability with which a 
particular one of the equally weighted routes is se- 
lected. Specifically, if X is a variable indicating the 
number of equally weighted routes in one possible set of 
routes and Y is a variable indicating the number of 
equally weighted routes in another possible set, then the 
equation X/(X+ Y) defines the probability with while a 
route will be selected from the set X. 

For the network shown in FIG. 9, the use of this 
equation dictates that route ACF will be selected with a 
probability of 25% which a route from the set of routes 
including nodes A and E will be selected with a proba- 
bility of 75% when selecting a route from node A to 
node F. 

For purposes of later route computations, the stored 
variable indicating the number of possible equally 
weighted routes through node F must be updated to be 
the sum of equally weighted routes through the differ- 
ent predecessor nodes for F. 

The same methodology can be used to choose be- 
tween equally weighted endpoint transmission groups 
to a particular network node. If a new transmission 
group with a given weight W is added to the possible 
routes already including X number of possible routes 
also with the weight W, the new transmission group is 
selected with a probability of 1/(1 +X). 

While there has been described what is considered to 
be a preferred embodiment of the invention, variations 
and modifications in that embodiment will occur to 
those skilled in the art once they become aware of the 
basic inventive concepts. Therefore, it is intended that 
the appended claims shall be construed to include not 
only the preferred embodiment but all such variations 
and modifications as fall within the true spirit and scope 
of the invention. 

We claim: 

1. An improved method of selecting least weight 
routes through a communications network including 
network nodes interconnected by transmission groups, 
said nodes and transmission groups having associated 
weights, said method comprising the steps of: 
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(a) adding a selected root node to a tree; 

(b) establishing a set comprising all network nodes 
connected to any node in the tree other than a 
network node already in the tree; 

(c) calculating the weights of paths from the root 
node to each node in the set; 

(d) selecting a path having the least weight or, if 
multiple paths to a given node have equal least 
weights, quasi-randomly selecting one of those 
multiple paths; 

(e) transferring to the tree the node in the selected 
least weight path; 

(0 removing any other entries for the transferred 

node from the set; 
(g) repeating steps b through f until all nodes in the 

network have been transferred to the tree. 

2. An improved method as defined in claim 1 
wherein the step of quasi-randomly selecting a path 
further comprises the steps of: 

determining the number of equally-weighted least 
weight paths which may exist to a given node 
through different predecessor nodes in the tree; 
and 

selecting one of those paths as a function of the rela- 
tive number of equally weighted paths existing 
through the different predecessor nodes. 

3. An improved method as defined in claim 2, 
wherein the probability that a given path in a set of 
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4. An improved method of selecting least weight 
routes through a communications network including 
network nodes interconnected by transmission groups, 
said nodes and transmission groups having associated 
weights, said method comprising the steps of: 

(a) adding a selected root node to a tree; 

(b) establishing a set comprising all network nodes 
connected to any node in the tree other than a 
network node already in the tree; 

(c) calculating the weights of paths from the root 
node to each node in the set; 

(d) recording the number of equally weighted paths 
leading to each node in the set from different pre- 
decessor nodes; 

(e) selecting a path having the least weight or, if 
multiple paths to a given node have equal least 
weights, quasi-randomly selecting one of those 
multiple paths as a function of the recorded number 
of equally weighted paths through different prede- 
cessor nodes; 

(f) transferring to the tree the node in the selected 
least weight path; 

(g) removing any other entries for the transferred 
node from the set; 

(h) repeating steps b through g until all nodes in the 
network have been transferred to the tree. 

5. An improved method as defined in claim 4 
wherein the probability that a given path in a set of 
equally-weighted least weight paths will be selected is a 



equally-weighted least weight paths will be selected is a 30 function of the formula A/(A+B+.„n) where A is the 
function of the formula a/(A+B+...n) where A is the 
number of equally weighted paths through a given pre- 
decessor node and A+B+...n is the total of equally- 
weighted least weight paths through all predecessor 
' nodes to the given node. 35 



number of equally weighted paths through a given pre- 
decessor node and A+B+...n is the total of equally- 
weighted least weight paths through all predecessor 
nodes to the given node. 

***** 
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